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. ' ABSTRACT

; ) The purpose of the study was to determine the effect of antidotal
3 treatment for organophosphate poisoning on heat exchange in four men during
¢ exercise at 55% peak aercbic power in a warm environment (Ta = 30.2 £ 0.5°C;
‘-§ Tg= 30.320.50C; Py = 0.97 % 0.08 kPa). Each sbject performed four
'; :i\ experiments with the control treatment being an intramuscular (i.m.) injection of
4 saline (SAL) which was compared to atropine (ATR; 2mg i.m.), pralidoxime (2-
‘“: PAM; 600 mg i.m.) and atropine plus pralidoxime (CMB) treatment. Partitional
:: calorimetric analysis‘ was done at 25 min of exercise. Mean skin temperature,
:'; rectal temperature (Te) and esophageal temperature (Tos) were measured twice
:_;ﬁ each min. Evaporative heat loss was calculated from changes in body weight.
; The displacement by heat storage of a theoretical temperature, which is
2 determined by heat exchange due to exercise and drug treatment, was
Ni calculated. A rational effective temperature (ET*) was derived using a
:.. psychrometric format and was used to assess the relative thermoregulatory
» ‘ strain for each treatment. ATR and 2-PAM treatment resulted in greater heat
” storage than SAL. Heat storage, when calculated from Ty was greater with
:E CMB than with either drug alone. The ET* was approximately 20C higher with
1 ATR or 2-PAM than with SAL, while CMB resulted in an increase of 4.1°C in
N ET* above SAL. When heat storage was calculated from changes in Teg rather
" than Tpe, the ET* was increased by approximately 40C, but was not as prominent
. as Tre in demonstrating differences between drugs. These data indicate that
o antidotal treatment (atropine and pralidoxime) for organophosphate poisoning
E will result in a significantly increased thermoregulatory strain than with either
‘ drug alone.

2

\

Index terms: Heat exchange, organophosphate poisoning antidote




e TN
setavd

RO

.

e

T "s

S

P

e

1 TR

i A method has been developed which predicts equivalent environments that ::.;;:-.;
LX)

is based on the heat balance equation and defined in environmental terms (15). .’jf..‘_;?_'
[ARAN
This rational or "new" effective temperature (ET*) which was described is an ::;?,-':
imaginary temperature of an isothermal encjosure in which humans exchange the ,_
. _'_\-:\.;
same total heat by radiation, convection and evaporation at the same skin lj*_.‘_..:'\".-
-.‘,\',\"

wettedness (w) as observed in the actual environment. Nishi et al., (15) also .j:‘::::f:l

reported that ET* is an adequate index of thermal comfort and Gonzalez et al,, AT

(5) have contirmed the use of ET* as an indicator of physiological strain for wide ES}

- heat stress zones when the ambient water vapor pressure (Py) is greater than :-:.,\E
2.67 kPa. "T-"?'

St

The ET* has also been used to assess the thermoregulatory strain of E::E-E

exercise in a hot environment after atropine treatment (9). In those .:_E:':EE

experiments, the inhibitory effect of atropine on sweating affected heat balance &-:Q N

and thereby increased the ET* from 41.5° to 45.5°C in unacclimated men. It has ;E" "

. also been reported (10) that the ET* is increased with atropine treatment in a .'?' ::
warm, humid environment, although much less than in a hot environment, even E:'E:\"‘

. though the wet bulb globe temperature (WBGT) index was similar in the two E‘{ﬁ;
environments. Such studies indicate that the ET* can be used successfully to EE.:‘EEJ

assess the thermoregulatory effect of a provocative treatment with drugs which g};:):‘

are known to inhibit the thermoregulatory effectors during exercise in a i{:{‘:';s

comfortable environment.

The purpose of the present investigation was to determine how the TR

'.-:‘r“:-

antidotal treatment, used in organophosphate poisioning, affected the ET* of Ny ‘,f.-:

T : , N

men exercising in a moderate environment. Although atropine treatment A

N

increased the ET* of men exercising in two different environments (10), the '-‘.'..-':._f.

. S YA

. . "-_ .

) effect of treatment with pralidoxime (2-PAM), a cholinesterase reactivator, and .-:2-_"_-:;

' NN

j YA
§ -
D A e T e e e e -
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the combination of 2-PAM and atropine on ET*, as an index of heat exchange, is

0

not known. A
METHODS 3

"'."' [ T AT )

Four men volunteered to be subjects for this investigation which was

AT T EENC A C A A T s " T AT T

)

approved by the U.S. Army Human Use Research Committee. The subjects had

A
4

i an average (#S.D.) age of 21 * 2 yr, weight of 81.2 * 9.8 kg, height of 182 £ 9.1
E‘ cm, DuBois surface area of 2.00 * 0.2 mZ and % body fat (hydrostatic weighing)
f- of 18.7 * 4.4 %. . =
E - Subjects were familiarized with the experimental techniques and
- environment prior to testing, but were not heat acclimated. Peak aerobic power
_E (VO peak) was measured for each subject (12) and was used to determine the
E relative work intensity for each subject. The experiments were done durir;g
N November in an environmental chamber which had an ambient temperature (T,)

s

of 30.2 (20.5)°C, black globe temperature (TS) of 30.3 (*0.5) °C, ambient water
vapor pressure (Py) of 0.95 ($0.1) kPa, and wind velocity of approximately 0.3

W,

ms~l. The average convective heat transfer coefficient (hc) was calculated to

be 6.0 ‘)l-m'z'K'l (14) and the radiative heat transfer coefficient was calculated

: for each experiment. The combined radiant and convective heat transfer

E _ coefficient (hF}) was calculated from the equation: -

E ' hF¢p = (hy + he) (1 + 0.155 (hy + he) ld?  wem k! \

, where 1), is clothing insulation (15), in clo units (I clo= 0.155 m2-K-W™)) and ;\:
; assumed to be 0.05 clo in this study. (The men exercised while dressed in shorts, 3:,%{
: shoes and socks.) The maximal evaporative capacity (Emax) of the environment E:E s
' (4) averaged 408 Wem™2 for saline treatment, 473 W-m™2 for atropine, 406 525?.
Wemin~2 for pralidoxime and 477 Wem2 for pralidoxime plus atropine. All ‘.»
~ experiments were done between 0700 and 1000 h and were standardized for time \-‘

; of day for each subject to avoid circadian differences in thermoregulation (18). ;_'.;::3::;
: -

: ST
S50, “:?:2:;'-:‘.35:;:;3:3:;:i;-;::;-;:;-:2:2:’::';155:1~‘:;:1$-;-::5:;;~'$S$~';_~';4;;-’-;'.;1;'-'-;--5:i:»‘::«'::;‘;:;:;_i-‘;:;;:;:_—:;;:;:;.;;-:;.5::-::--:;:.i:-j‘:':;?\;“
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) Subjects were tested on four separate days, with each experiment being at

,}’\ .
Y S

h)
ANNS

least 48 h apart. The first day of testing was after the intramuscular (i.m.)

-
Ly

injection of 1 ml of sterile saline (SAL). The experimental protocol was then

L
v

N ST
Ay Y

LY
v

counterbalanced for drug treatment. For subsequent tests, 2 mg of atropine

L

Fay g
A

-'_‘V' oy ‘; .

200

sulfate (ATR; Elkin-Sinn, Cherry Hill, NJ), 600 mg pralidoxime chloride (2-PAM;

AN

protopam chloride, Ayerst, NY, NY) or 2 mg atropine plus 600 mg pralidoxime

chloride (CMB) was administered i.m..

AR [TAN AN

The experiment gncluded a 5 min control period after instrumentation and

equilibration, the injection of the appropriate drug, 30 min rest, and 30 min of

5‘ .
'

*

exercise at 55% \'02 peak on a modified cycle ergometer (1). Esophageal

temperature (Te¢), rectal temperature (T,e) and an eight site mean weighted skin

s mrate
" Hh D

temperature (Tg) were measured continuously. Metabolic heat production (M)

"
o
'«
N,

-".‘.‘r-ln
TR R

was estimated at 15 min of rest, and 10 and 25 min of exercise. Heart rate (HR)

was measured at 2.5 min intervals. Total body sweating rate (g'min'l) was

3!..'- s-:.. S.'."".u

0

calculated from pre- and post-experiment body weight.

Heat balance was calculated at 25 min of exercise for all experiments

Ca b SN

using the equation:

E S = Mgy - (sensible heat loss, R+C) - (skin evaporation, Eg), W°m°2 (1)
% or § = Mg - hF¢j (T - To) - Whe Fpci(Ps,sk - Py) (1
t where S is the rate of body heat storage (W'm'z); Mgk is the net heat flow
";: determined from (M-Work-Cpes - Ereg) With the latter two factors being dry heat
X loss and evaporative heat loss from the lungs (7); hF¢] and heFpey are combined
§ radiative and convective heat transfer coefficient that govern sensible heat
:: exchange and the evaporative heat transfer coefficient involving insensible heat
: exchange (6) respectively; w is the equivalent fraction of the total body surface
(Ap) wet with sweat which was calculated from Eg/Emax; Ps,sk is the

g'

:

:

R g A e m oy e n -
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4
saturation vapor pressure (kPa) at mean skin temperature ('i',k); and Py, is the
ambient water vapor pressure (kPa) calculated from dew point temperature.

This study used the psychrometric format to graphically describe the rate
of heat storage as has been done previously (5,9,10,15). Nishi et al. (15) rewrote
equation 1 to incorporate the heat balance equation as a function of ambient
water vapor pressure and dry bulb temperature gradients in which

Py - Ps,ek = v (To-(Tact+ ATstor)s kPa @
where ¢ is a constant ?vhich is the ratio of the sensible heat transfer coefficient
to the insensible heat transfer coefficient (hF¢j/heFpcp). To is the operative
temperature (5) of the test chamber in which

To = (hy T + he Ta) (he + h ™}, 0C 3)
in which ‘i} (mean radiant temperature) is calculated from Tg + 2.2 v (Tg-Ta),
where v is the air velocity (m°s'l).

The temperature (Tcq) in eg. 2 assumes that each of the subjects is in
thermal balance regulated by sensible heat loss.

Tact = Tek - (MghFe D), oC )
Any displacement in heat storage (A Tgop) during a given exercise transient may
be calculated as:

B Tgeor = (AT 8171 0.97 (mpAp 1) hFY, o )
where (Ai’b -At'l) is the change in mean body temperature per h (A Tgyor was
calculated from Ai‘b from the equation ‘i'b = 0.1 i'sk + 0.9 T, using both Tpe and
Tes as an index of core temperature (T¢); 0.97 is the specific heat content of the
tissues (W°h'1~kg'l-l<'l); mp, is the lean body mass (kg); Ap is the DuBois surface
area (m2) and hF¢ is the combined heat transfer coefficient (Wem=2x"}).

Eq. 2 is represented on a psychrometric chart by a series of lines passing

through a common point (CP = Tact, Ps sk). Any internal body heating caused by

- e T T T
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exercise and drug treatment displaces the CP (Tact + Tstors Ps,sk)- The locus of
any environmental condition (OP) is designated (Tq, Pyw). If the CP and OP are

connected (slope = - (‘Irw'l), the point where this line crosses the 50% relative

B

humidity curve on a psychrometric chart is the rational effective temperature

A
<

AT A eAR IS, PEFPEs s o R )
L]

(ET#*), defined by T, on the X axis (15).

;\,"',' SHAA NS

»
[
.

A one way analysis of variance was used to compare the heat exchange and

ET* data at the 25th min of exercise. Regression equations of both core

.f.f.'f‘
LI 4
e
Ve
¢ v

temperature measurgments over time were used to calculate the rate of changé

Ay &
f Ay

.~
b Y

:

:
: - of heat content. Tukey's test of critical difference was used when needed. All _\,"'}:
é differences are reported at P <0.05. r::\
3 2
‘! RESULTS oo
? The drug treatments affected heat exchange during exercise with core ;::;. .
Eﬁ temperature being significantly increased with ATR and CMB than with SAL or :S'.
i ‘ 2-PAM (Tables | and 2). All parameters of the heat balance equation were :S
measured or calculated from measurements made at the 25th min of exercise. :’\
At that time, the subjects were in a thermoregulatory steady state when treated \"E
: with saline. This was not true for all treatments. Teg increased more with ATR R

’_ (1.29C) and CMB (1.4°C) treatment than with saline treatment (0.79C), although

; the Teg was not different with 2-PAM treatment (0.7°C). fsk increased more

E' during ATR and CMB than in SAL and 2-PAM (Tables ! and 2). The increase in

core and skin temperatures cbserved with ATR and CMB canbe explained by the

. decreased skin evaporative heat loss (Eg) due to inhbition of sweating (Table 3).

w Radiative and convective heat foss (R+C) were augmented in both ATR and CMB.

— Skin evaporative heat loss was also less with 2-PAM than SAL (Table 3), but R+C

: was only slightly greater than control.

:

:

3
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6
In this investigation, core temperature was measured in the rectum and in

the esophagus. ‘i'b and ATgpor Were also calculated using both indices of core
temperature (Table 4). ATgeor Was greater when Teg Was used as the index of
core temperature than when Ty was used (Table 4). When calculated from Tye,
ATgtor during CMB, averaged 3.0°C and 1.99C greater than SAL and ATR
respectively. 2-PAM did not significantly change ATgtor from any other
treatment. By using the psychrometric format to calculate ET* from the heat
balance equation anq environmental conditions, the effect of the drugs on
thermoregulation can‘be made clearer. ET* was approximately 2°C greater
during ATR and 2-PAM treatment than during SAL, while CMB resulted in an
ET#* 4.19C greater than SAL. ET* during CMB was also signficantly greater
than ATR or 2-PAM alone (Table 4, Fig. 1). The ET* reflected the increase in
ATgtor when Tag was used as the core temperature index and was approximately
4.0°9C higher than when calculated from Tye, but the interpretation of the data
was different. ET* during CMB was significantly increased over SAL, but was

not different from ATR or 2-PAM. ET* was not statistically different when

SAL, ATR or 2-PAM treatment were compared (Table &, Fig. 2).

DISCUSSION

The rational effective temperature (ET*) is derived from the heat balance
equation and certain biophysical parameters of the environment. ET* has been
used successfully as an index of heat exchange in different environments (5) and
with atropine treatment (9,10). The present study, was used to assess the
thermoregulatory effect of 2-PAM and a combination of 2-PAM plus atropine

treatment during exercise.
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: The ET* analysis was done graphically rather than by iteration (5). The _‘3
A ET* evident after atropine treatment increased 2.0°C above saline treatment in :fj
2 the present study (Table 4) which is consistent with previous experiments (9,10). ,\i
‘ :' The competitive inhibition of sweating which occurred with atropine decreased j-:::f"
}.: the observed skin evaporative heat loss, although there was a greater heat loss "1
- by radiation and convection (R+C) than during saline treatment (Table 3).
',Ej However, the greater R+C was not enough to compensate for the decreased skin
‘ evaporative heat loss, as has been shown previously (3,9,10), and Teg was
significantly higher at the 25th min of exercise than present in the control (Table
e 2).

.

:: There have been been many reports of cutaneous vasodilation occurring

' after atropine treatment related to the observation of the "mantle flush" (iO)

::f and to the report of Roddie et al. (17) of the acetylcholine-independent

_: vasodilation in response to body heating. More recently, the calculated increase

- ‘ in radiative and convective heat loss during exercise after atropine described by

:‘:_ Davies et a' (3) and Kolka et al. (9,10) clearly indicated atropine-induced

-':' . vasodilation. These reports, together with the evidence that vasodilation can

, % occur via a prostaglandin-mediated mechanism (13), lead us to postulate that the

cutaneous vasodilation observed in this study is distinct from the acetylcholine- N

' mediated vasodilation which requires an endothelium-derived releasing factor %
v (8). We are aware that atropine does cross the blood-brain barrier (20) so the J.,_;
: increased radiative and convective heat loss we observed might also be explained ::!"
} as a reflex vasodilation. That is, atropine may be acting to modify the \\’
i hypothalamic signal for heat loss. One thermoregulatory effector, the sweat ’:"j
:ﬁ gland, is competitively inhibited at the Ach receptor by the drug, therefore, any "!l
,. amplification of effector outflow would be most prominent at the cutaneous \
4 vasoculature.  However, this interpretation would indicate that the _\__~
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8 :;
) vasodilatory fibers to the cutaneous vasculature are not cholinergic (muscarinic) S‘:
in nature. S,
2-PAM is used in organophosphate poisoning treatment as a reactivating .E:_
agent for bound acetyichofinesterase (ChE) which allows the redevelopment of .,:
normal synaptic function (19). Treatment with 2-PAM also significantly atfected ;-:E
heat exchange during exercise as indicated by the increased ET* when compared *:'
with saline. The skin evaporative heat loss was less than and R+C was slightly, ;.—
but not signiﬁcantly,‘ greater than saline treatment, although Tes Was not :«
signiticantly different from saline. The higher ET# after 2-PAM treatment :{
indicates that in a more extreme environment, heat exchange would be more
seriously affected. The inhibitory effect of 2-PAM on sweating has been ,
observed previously (2) during low intensity exercise, although 2-PAM did not :
affect core or skin temperature. It appears that moderately intense exercise is .
required (relatively high metabolic load) to exacerbate the effects of 2-PAM on
' heat exchange, as Robinson and McMichael, (16) and Cummings et al. (2) :
reported that 2-PAM did not affect core or skin temperature during rest and low : __
intensity exercise. t’
: A confirmation of our observation of sweating depression with 2-PAM, is :,
; _ the preliminary observation of the sweating rate in e. patas during passive -—:—
\ . heating at T, of 30°C in which there occurred a depressed sweating rate
:: (Elizondo, R.S., personal communication). This observation is of similar 1
i magnitude as that found in the present study (45%) when compared with saline {‘;
\ treatment. Additionally, in one animal, the sweating suppression increased core :I'E
S temperature 0.20C and skin conductance was increased. There was no core gz;z
: temperature increase with 2-PAM in a second animal, but there was an increased .J
‘i’,k (0.29C) and increased skin conductance. The increased ET*, and lower Eg, '\"
i 3
: .
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< ) which was observed with 2-PAM in this study,-is contradictory to reports of weak

E anti-ChE activity of the drug (19), which would indicate an augmented sweating

B, rate because ChE inhibition would increase Ach available to the receptor. If

o organophosphate poisoning has not occurred, perhaps 2-PAM treatment activates

-‘ _. otherwise inactive ChE, thus decreasing Ach available at the eccrine sweat gland

. :l ' receptor thereby decreasing sweating rate. Further studies are necessary to

‘_ determine the exact mechanism of action on heat exchange with 2-PAM —“_‘
‘.s treatment. X :
9 During combined atropine and 2-PAM treatment, the ET* was significantly N
.",f increased above that observed with saline treatment and was higher than either Z:‘_Tf;;
- atropine or 2-PAM alone. The observed skin evaporation was suppressed to the ‘
- same degree as in ATR (Table 3) and R+C was significantiy elevated above
5 saline. ATgor was greater with CMB than with atropine alone (Table &), and :‘:.‘.
, consequently, ET* was significantly greater with CMB than ATR or 2-PAM S\
i:: alone. Therefore, the present study indicates a greater thermoregulatory strain ::
_j ‘ with CMB than with atropine alone which is consistent with the data of “:
:: Cummings et al. (2) and Robinson and McMichael (16). By analyzing the heat :
: exchange data in the psychrometric format, the effect of CMB can be more ,::'
- clearly presented. :

A secondary part of 'this study was to investigate whether the calculation

i:’ of ET* was affected by the index of core temperature measured. Both T,e and

- Tes were measured in the present study for two reasons. Previous studies of

;”_ atropine effects on the rational effective temperature in this laboratory used

2 Tre as an index of core temperature and we primarily wanted to be able to

.' compare the data from the present study with those data (9,10). The

: experimental design of the present study was such that exercise continued for 30 ;::.;5‘,'2
: min and metabolic rate was measured at the 25th min of exercise which was ,._':'
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enough time to overcome the lag in the Tre measurements. We thezore made -’S-’-.
our interpretation of the drug effects on ET* from heat storage data calculated :f:
from Tpe. Secondly, studies of dynamic temperature changes, such as those :;_3
during short duration exercise, changing ambient water vapor pressure and rz'\‘:
thermal conditions, or cycles of work and rest, require a quickly responding '::_\
index of core temperature and esophageal temperature is one of the most rapidly ::-:’:I
responding measures of core temperature (11). The major consequence of using f::'.:::_‘f
Teg Was a more ra_?id change in mean body temperature over time when -- :‘:-_:‘
compared to Tre, which is manifested in the larger ATgyor calculated (Table 4) tfb
and greater displacement from the line connecting the CP and OP (Figs. 1 and 2). I-\-:',:i;?
The resultant ET* is thereby increased over that calculated from Tge. In this E}-\s
study, although the ET* was much greater when calculated from Teg than Tre, ;ﬁ:
the interpretation of the effect of the drugs was substantially different. The \“t
ET* was only statistically different from SAL when the combination of ATR and ,E;‘,-:
2-PAM was used. Furthermore, by calculating A Tg¢or from Teg measurements, .:\2:
the derived effective temperature indicates a greater relative thermoregulatory 4
strain than when A Tgqo is calculated from Tpe (5,15).

In conclusion, the effect of treatment with atropine, pralidoxime or K
atropine plus pralidoxime on heat balance resulted in a significantly increased ';'ﬁ
ET*. Atropine and 2-PAM each increased ET* by approximately 2.0°C while the '-E%:
combined drug treatment resulted in increasing ET# by 4.20C when Te was used .._7 _
as an index of core temperature (Fig 1). 2-PAM treatment also indicated a :'}%
thermoregulatory strain when heat exchange data are analyzed in the ::{.E‘éj
psychrometric format used in this study. Finally, the marked increase in ET* N
during combined atropine and pralidoxime treatment indicated that the 2_'_?
physiological strain was greater than when each drug was given separately. :.E

2
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Table 1. Mean ( + S.D.) Teg, Trer Tec » HR, and M at rest during saline (SAL),
atropine (ATR), pralidoxime (2-PAM) and ATR + 2-PAM (CMB)

- treatment. -
T T T HR M
) @& &) beatsminl) (Wem-2)
SAL 36.67 37.17 34.04 67 48.5 el
0.15 0025 0028 8 1200 ‘..::::;'
ATR 36.61 37.06 34,06 59 37.0 S
0.20 0.20 0.30 13 4.2 N
v o
) 2-PAM 36.48 36.92 33.97 66 40.3
0.30 0.28 0.54 12 3.9
CMB 36.76 37.11 33.97 71 36.0
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exercise during saline tSAl. y atropine
(CMB) treatment.

HR, P Efesy Cresy M and Work (W) at the 25th min of
’ s’s‘(‘ATl{f,s’prarlidoxime (2-PAM) or ATR plus 2-PAM

Tes Tre T, HR P Eres Cres M v ‘

(°C) (°C) &  beatsminhEB) (WD (WRD(WmD) (wm2 -

SAL 3737 37.64  33.62 130 5.21 30.1 2,024 3523 54.8 R

0.15 0.15 0.51 5 0.1 3.6 0.1 437 63

ATR 37.78% 3762 3579% 158+ 5.88% 29.1 1.83 3600 54.8 sl
0.13 0.15%  0.49 4 0.2 2.5 0.2 3L 63 i

.:\.-

2-PAM  37.16+  37.56 3395+ 123 5.31+ 267%  170*  319.5 548 SN
0025 0022 0565 12 0.2 3.0 0-2 38.9 6-3 .-—:.

| i

.'i‘»LS.

CMB 38.18%+# 37.81 36.40%+# 155% 6.07%+#f  27.0*  1.50%+ 3250 548 .. s
0.27 0.30 0.57 2 0.2 2.0 0.3 277 63 LN

SRy

A

.:_\:,\

o NN

*Different from saline (p <0.05)
+Different from atropine (p <0.05)
#Different from pralidoxime (p <0.05)
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-PAM

_ M Eg ReC W Tact T
- (WD) (Wm2)  (WmD) (°C ©d
. '

R SAL 265.4 233.8 31.9 0.58 35 30.0
l 38.0 65.0 7.7 0.17 4.6 0.4
b

w

LY

~

N ATR 254.3 82.9* 49.7+# 0.18+ 7.0 30,2
. 23.2 33.1 6.5 0.08 3.0 0.5
L

;: 2-PAM 236.4 115.8% 34.2 0.29+ 7.1 30.1
:: 30.2 50.5 6.7 0.14 3.5 0.1
:

3

y CMB 241.8 79.6% 49.83%% 0.17+ 9.1# 30.8
. 19.2 55.0 2.8 0.11 2.3 0.4
<

“

N

N

'_:_ *Different from saline (p <0.05)

X +Different from atropine (p <0.05)

: #Different from pralidoxime (p <0.05)
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Table 3. Mean ( + S.D.) Mg, Eg;, R+C, w and Tyt calculated from data collected at the
25th min of exercise and the environmental parameters
(SAL), atropine (ATR), pralidoxime (2-PAM) or ATR plus

and P, during saline
CMB) treatment.
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Table 4. Mean ( + S.D.) ATgtor, and ET* calculated from Tre and ATstor,Tes and ET*T,
calculated from Tes and the OP and CP used in the psychrometric format. s -

: N
: ATstor ET* ATstor,Teg ET*Tes oP CP 05
(oC) (°C) (°C) (°C) (TosPw) (TactsPs,si) <

: SAL 6.0 29.0 12.9 33.3 30.0,0.91  3.5,5.21 Ins
~ 1.3 3.0 N

-

! ATR 7.1 (31,0 15.0 35.4 30.2,0.90  7.0,5.88
{ 1.7 3.7

L e ‘.\_ﬂ e A
A

AN
7

: 2-PAM 7.5 30.8% 15.8 35.3 30.1,1.03  7.1,5.31
2.9 :

»

w
P
ﬂ,‘:‘:“
o

;‘f;[

B
2
»

“ ". l.‘ L}

CR A AR
LSS

PR

CMB 9.0%+ 33.5%+# 14.2 36.3% 30.8,1.06 9.1,6.07
15 4.2
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#Different from saline (p <0.05)
+Different from atropine (p < 0.05)
#Different from pralidoxime (p <0.05)
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3 A
: Figure 1. Graphic presentation of the mean rational effective temperature f.::::
'. (ET*) resulting from internal body heating caused by exercise and the specific o]
\ drug treatment which displaces the Common Point (CP) by ATgtore These data SN
' were calculated usinF Tre as core temperature. ATgtor is heat storage; Tyt = A
’ (Tge - Mg (hFeD-i; 3 & is saturation vapor pressure at the skin; T, is
1 operative temperatures; lg'w is ambient water vapor pressure.
5
! Figure 2. Graphic presentation of the mean rational effective temperature
I (ET*) resulting from internal body heating caused by exercise and the specific
s drug treatment which displaces the Common Point (CP) by ATgor. These data
' were calculated usin%‘l'es as core temperature. ATgtor is heat storage; Tact =

i %s,

(Tge ~ Mgy) (hFel)™ sk is saturation vapor pressure at the skin; to is operative
temperature; and Py, is ambient water vapor pressure.
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